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CLIMAX CONDITIONS AND ECOLOGICAL STATUS
 
OF PINUS STROBUS, TAXUS CANADENSIS
 
AND TSUGA CANADENSIS IN THE PINE
 
HILLS REGION OF INDIANA
 
By RAY C. FRIESNER AND J. E. POTZGEH 
Along Sugar creek in Montgomery and Parke counties in west cent.ral 
rntliana, where the stream cuts through the Mansfield and deep into the 
llorden sandstones, there are a number of areas characterized by deep 
canyons with almost perpendicular rock walls. Three of these areas are 
locally known as Turkey Run State Park, The Shades, and Pine Hill~. 
The latter two are about two mile~ from each other, and these in t.urn 
are <lpproximately eighteen and twenty miles respectivr.ly upstream from 
Turkey Run. The canyon walls of Turkey Run are largely Mansftrlcl 
sandstone, while those of Pine Hills are Borden sandstone, the }fansftelcl 
having been eroded away. 
Physiographically, the Pine Hills area is characterized primarily by 
the presence of four pronounced and narrow "backbones" which project 
for several hundred feet from the main plateau into which the canyons 
have been cut, thus causing the two streams which have done the cutting 
to [ollow very tortuous and meandering courses. Figure I presents a 
diagram map showing the relation of the "backbonrs" to each other and 
to the surrounding plateau. 
Botanically this region exhibits a larger number of excellent and c1ear­
cut forest ecolop;ical areas and associations than any othrr rep;ioll in 
fntliana known to the writers. For example: there are wooded old 
nooel-plain terraces along the meandering streams, where tlley have cut 
wider valleys (areas I, 12 and 15, Figure I); second terraces or still 
oleler flood plains now occupied by dense sta.nds of deciduous forrst 
trees (areas 2 and 13); upland platt-aus into which the canyons have 
been cut (areas 6 anel 14); Pinus-Tsuga slopes (areas 3,7 and 10): 
transition areas hetween the preceding two (area 5); Tsuga-coveml 
canyon walls (a rea 11); Pinus-Tsuga groves (area 8), and Taxus asSo­
ciations on north-facing canyon walls where the angle approximates 4S 
degrees (area 9). I'\gure 1 shows the relation of these areas to ench 
other. 
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TABLE I 
SUMMARIZED FREQUENCY GROUPS OF SPECIES IN EACH AREA STUDIED 
FREQn;~CY GROUP' OF SPECIES IN DIFFERENT ASSOCIATIONS 
SPECIES 15' 12 1 2 13 6 14 5 3 11 7 8 9 
Acer saccharum' . ..... .. D E E E E E E D C D A D C 
Dirca paluslris ......... . ... C E E B A A .-\ A 
Carpinus caroliniana ....D C E E A B B A A A A A 
Vitis sp? ' ......... """" ...... E D C A A C D A A A A 
Fagus granrlifolia . """ .. D E D D B B C D C C A 
Viburnum acerifolium E D C C E D D A D B 
Comus florida ..4. B E C B B E C B A B A 
Ostrya virginiana .... ...A B A B E D C C A B A B A 
Sassafras variifolium .... A C D E B B A A A 
Pinus strobus ................11. A A A !\ E E A A E 
Tsuga canadensis ......... ' A A B A B E E E E B 
·-Taxus canadensis .......... A E 
Cercis canadensis .... .....D D A A 
Comus alternifolia ....... D D A A A A A A A 
0> Rhus loxicout'nuron C D C C A B A B A­
00 Comus asperifolia ...... .. C D A .>\ A 
Fraxinus lanceolala ... .C D C A C A A A B A B A 
Quercus alba ...... .11. A .>\ A C B D C C A B B 
Quercus velutina ..... A D A 
Quercus borealis maxima...>\ A B C B B A D C B A B A 
Celastrus scandens .. C B A A 
Platanus occidentalis .......C C C 
Ulmus racemosa .........C C C 
Asimina triloba ............ C C A 
Benzoin restivale ....... .11. C A A 
Juglans cinerea ." .... B C A A A A 
Acer negundo .............B B C A 
Carya cordiformis ... ' ... A B C A A A A A A A 
Tilia americana ., ......... B A C A A A A A A 
]uglans nigra ................11. A C A 
Prunus serotina C B A A A B 
Acer rubrum .... B C B C C B C A B 
Ribes cynosbati ...... .A ;\ B A C B A A 
Carya ovata ...... ... """ A A A A C A A A 
Smilax sp .................. B A A A A .>\ A A 
Ulmus fulva ................ B B B A A A 
.... • ....~- .... 
-,..­
.....,..---
FREQeEsrv GROVP' OF SPEnzs IN Dll'FERENT AsSOClATlONS 
14 .'i .3 11 i 8 9 1 2 1.3 0SPI:CII:S 15' 12 AB .-\ .-\B .-\ .-\Lir:odcndron \ ulipilcra ..1\ B A 
Fraxinus quadran~ulata .:\ .-\ B 
,£SCU1U5 glabra ............ .-\ .-\ B .-\ :\ 
A 
GYlmlOclaclus clioi,a ...
. . 
I:l 
fl .-\ -\ II A .-\ }, .'\ 
.-\ -,\. .-\ ..-\ 
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A
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B .\ 
ARibes cynosbati . . ..\ :\ I3 .\ C Carya oYata ...A A A A
A
A 
c. ASmilax sp. .. B A
B 
A A A AUlmus iulYa .....B An... _. A 
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FRY.QllENCY GROl;P' 0'- SPECIES IN DIYn::r.E.·1' ASSOCJ,\TlOl<S 
2 1.3 :; 11 8SPECIES 15~ 12 1 
A.\Lir:odcndron (ulipiiera \ n 
Fraxinu5 qlladran~ulala \ A 
~Esellius glabra .'\ A 
Gymnocladus dioica . 
:\n
B 
B
B 
A 
A AA 
A B AA BA A AHamamelis virginiana A A A 
Phy:;ocarplls opulifoJius ..A 
Maclura pomifera A 
Moms rubra A A A A A A :\ 
AAA
A 
Rubus occide.ntale . A 
AARubm allegheniensis A A 
Gledilsia triacanthos A 
A 
£vonymu5 atropurpureusA A 
Plelea lrifoliala A 
A 
A A 
Fraxinm americana . 
Evonymus obovalus . 
Cellis occidentalis ....,... 
A 
A
A
A 
AA 
A
Hydrangea arborescens A A 
Prunus americana . A 
APseoera quinqllefoJia .. 
gj Vaccinium vacillans . 
A
A "
 
A AA 
A
A 
Juniperus virginiana . A 
Ulmus americana A A 
Sambucus canadensis . 
Kyssa sylvatica . 
Cratregus sp? . 
Populus grandidentata 
AA
A
A 
AA 
AAAmclanchier canadensis .. A 
Species in Group A ....22 16 13 12 16 17 14 5 11 29 27 14 IS 
I
1 
8 
1 
2
1 
Species in Group B 5 5 8 4 4 6 3 4 2 6 
3 5 3 3 4Species in Group C.. 7 6 10 14 
o 2 oo 2 3 12 3Species in Group D 4 36 1 
3 5 2 1 3 2 1 12Species in Group E. 1 122 
Tol.al No. of Species..39 35 35 24 29 30 26 18 20 40 30 27 19 
1Frequency groupS are those of R.a~lllkjaer: A = 1-20 J>~r ce:lt; B = 2J-40 ~umb[~r 5 is a plalcall arta between areas .> and 6. Physiographically 11 liS 
per cenl; C = nearly the same 3S areas 6 and 14 bUl eculogiGllly it is41--60 per cent; D 61-80 per ("nt; r; 8l-100= = transi1iol1~,1 
between arca~ .3 anti 6.per cent 
.... \rca....; number 1, 12 and 15 are first terraces above the present active flood 
plain. 
Nurnher 2 and 13 arc secorllll.erraces, i.e' l hi~her older fiood plain, 
.:\ umber 6 and 1-1 llrc upland plat.ellus, lhe oldest areas oi the region, 
:\"ul1lbe-r 3 and 7 arc sleep slopes up lO the plateau. 
:"umbcr 11 i~ a )'oungtr ~tc:cpcr ~lope oc.cuning between arca~ 12 amI 13. 
~ulllbcr 8 is a' Pinu$-Tsuga gro\'~ in an area physiographicaJJy si:nilar !u 
areas 2 and J 3. 
::-\umber 9 is a slecp slope cOlllaining a Ta...-.;us l;Ucif>~. It is diiftrcnt [rom arcl.S 
:;, 1J and 7, in that it has much shaJ)ow{~r soil. 
The loca.tion nf lhesc areas i~ shown in Figtlre 1. 
:("O;lH.'I)(fatur~ is that ustci in Gray':-:, .\·Ianual, 7 t..~. 
METHODS 
A quadrat study was made of each of the above-mentioned area:-; 
except area 10. In each area twenty..'five quadrats were marked off and 
studied. These quadrats were 25 feet on a side in all areas except area 1 
where they were 50 feet, and area 9 where, on account of the size of the 
area, they were reduced to 10 feet. In each quadrat the total number o[ 
individuals of each species togetber with sizes in DEH. were listed. 
From these lists the composition of each area was tabulated in terms of 
percentages of quadrats in which each species occurred one or more 
times. These tabulations are all summarized in Table I, where each 
species is listed and the frequency group to which it belonged in each 
area is given. The frequency designations used are those of Raunkiaer, 
in which frequencies of 1 to 20 per cent belong to group A, 21 to 40 
per cent to group H, 41 to 60 per cent to group C, 61 to 80 per cent to 
group D, and 81 (0 100 per cent to group E. 
OBSERVATIONS 
STEEP SLOPES 
Areas 11, 7 and 3 (see Figu re 1) are steep slopes. Area 11 is the 
steepest of the three with an angle of 40 to 45 degrees, and is at present 
undergoing considerable topographic change as a result of erosion. 
Area 3 is the most stable of the three, i. e., at present undergoing least 
erosion. It not only presents a less steep (24 degree) slope, but also 
its floor is more protected by leaf litter and mosses. Figure 2 is a series 
of profiles indicating the elevation of the various areas above the stream 
level. Horizontal position of areas is shown in Figure 1. 
Table I shows a complete list of the woody species observed in this 
study. The species are arranged in order of frequency, i. e., all species 
which occur in frequency group E in one or more areas are grouped 
together; next come those species which occur in frequency group D in 
one or more areas, and so on until in the last group are fOl/nd only 
Lhose species which occur in frequency group A. 
Table II presents total number of species, and percentages and num­
ber of species in frequency group A and E in each of the different areas. 
Different areas of the same type are brought together and arranged in 
order of physiographic age. 
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TABLE II 
PERCENTAGES AND NUMBERS OF SPECIES IN FREQUENCY GROUPS A AND 
E IN THE DIFFERENT AREAS. DIFFERENT AREAS OF THE SAME 
TYPE ARE BROUGHT TOGF.TIIER AND ARRANGED IN ORDER OF IN­
CRE.~SING PHYSIOGRAPHIC AGE. 
Area Total No. Frequency Group A Frequency GroupE 
Number Species All Gps. Per Cent Number Species Per Cent Number Species 
II 40 73 29 2.5 1
 
7 30 90 27 3 J
 
3 20 55 11 10 2
 
J5 39 56 22
 2.5 I
 
12 35 46 16 6 2
 
I 3, 37 13 9 3
 
13 29 55 16 7 2
 
2 24 50 12 28 5
 
6 30 56 17 3 1
 
14 26 52 14 8 2
 
9 19 79 15 5 I
 
8 27 52 14 6 2
 
5 18 28 5 17 3
 
Reference to Table I will show that area 11, which, because of 
amount of p,esent topographic change, may be considered the youngest 
area physingraphically, contains the largest number of species found in 
any area studied. Tsuga is the only class E species, and 73 per cent 
(Tahles I and II) of the species present are in class A. Over 50 per 
cent of the remainder belong to group B, and over 40 per cent of thr 
species which in one or more ar~as studied fall in group E, are found 
in group A in this area. This area thus presents ecologic evidence of 
physiographic instability. 
Area 3, which undouhtedly is at present more stable physiographically
 
than either area lIar 7, contains. but twenty species] and only 55 per
 
cent of them belong to the lowest frequency group (group A), while 10
 
per cent belong to the highest frequency group. Pinus joins Tsuga as a
 
class E species in this area.
 
Area 7 is intermediate between the former two in regard to plly~i()­
graphic age. It is also intermediate in total number of species present, 
numher of species of low frequency (group A), and percentage of species 
of high Irequency. The area is dominated by a dense stand of Tsu!!::I 
with Pinus around the border, especially the upper border just before 
the Tsuga association gives way to the Acer-Quercus association of the 
top. I t will be noted that these steep slopes are dominated by Tsuga or 
by Tsuga-Pinus associations. . 
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Area 9 is a very steep (40-45 degree) slope on the north-facing wall 
of "Turkey Backbone." It is striking in that Taxus ca1tadensis is the 
outstanding species of the area and is so dense that little else can be­
come established. From Table I it will be noted that there are but 
nineteen species in the area and 79 per cent of these belong to group A. 
Thus an area of severe physiographic stress may be characterized eco­
logically by both small total number of species and high percentage of 
low frequency species. 
FIRST TERRACES 
Areas 15, 12 and 1 (Figures 1 and 2) are old flood-plain terraces, 
the latter two of which are probably never actually flooded any more 
by the stream. Area 15 may be inundated during the time of highest 
water level of the stream. These areas are not subject to the physio­
graphic stress present in areas 11, 7 and 3, but they are physio­
graphically young in the sense that they are not long removed from 
the period of stream action and have not had time to reach a more 
stable biologic condition which ultimately results from competition and 
ecological adjustment. Area 15 is physiographically the youngest and 
area 1 the oldest of the three, judging from the present height above 
the level of the stream. In area 15, Vitis is the only group E species, 
while Acer saccharum. and Dina palustris are group E species in botb 
areas 12 and I, and Carpinus carolinial1a is also a group E species in 
area 1. These latter three species are found in groups D, C and E 
respectively in area 15. 
Study of Table II, where the different areas are arranged in the order 
of increasing physiographic age, will show that as the age of any group 
of topographically similar areas increases, there is a corresponding de­
crease in total number of species present and in percen'tage and number 
of species occurring in group A (low frequency), while there is an in­
crease in percentage and number of species occurring in group E (high 
frequency). Area 15 has 56 per cent of its species in the lowest fre­
quency group (group A) and 2.5 per cent in the highest frequency 
group (group E); area 12 has 46 per ceut in the low frequency group 
and 6 per cent in the high group; and area 1 has 37 per cent in tbe low 
group and 9 per cent in the higb group. The biologic conditions thus 
point out area 15 as botanically the youngest and area 1 as the oldest 
of these three topographically similar areas, and this conclusion is in 
accord wilh physiographic observations. 
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Areas 11, 7 and 3 (Table II) show similar relations when compared 
with each other, except that Tsuga has dominated area 7 to such an 
extent that twenty-seven ou t of the total of thirty species occurring in 
that area are so scattered as to fall in the lowest frequency group, thus 
giving the lowest frequency species in this area a higher percentage than 
is shown by the same group in area 11, even though area 7 is physio­
graphically older than 11. 
SECOND TERRACES 
Areas 13 and 2 (Figures 1 and 2) are second terraces from 15 to 20 
feet above areas 12 and 1 respectively. Area 2 is without doubt older 
physiographically than area 13. The same set of relations (see Tahle II) 
hold here as in the above two sets of areas, viz., increased physiographic 
a~e is accompanied by decreased total number species, and percentage 
and number of species in group A; and increased percentage and num­
her of speties in group E. Reference to Table I shows that while .llc!:)' 
saccharum· and Ostrya virginiana are group E species in area 13, Accr 
saccharum, Carpinus caroliniana, Fagus grandijolia, Viburnum aceri­
folium and Cornus florida are group E species in area 2. In Table II 
it will be noted th:lt second terrace areas (13 and 2) have considerably 
~.rnaller number of species than physiographically younger first terraces 
(areas 1, 12 and 15). 
Area 8 (Figure 1) is a Tsuga-Pinus grove physiographically com­
parable to areas 2 and 13. Here Pinus and Tsuga are each growin~ in 
95 per cent of the quadrats studied and in an area where deciduous 
forest would certainly he expected when this area is compared physio­
~raphically with other areas of the region. H is difficult to explain on 
the basis of p'rescnt information why these conifers are to he found in 
this area. It may be that soil moisture conditions here are quite dif­
ferent from other physiographically similar areas and more like the 
slopes where Tsuga and Pinus are found in other areas. Study of the 
physical conditions present in each of the areas considered in this pap~r 
is under way and will probahly throw considerable light upon the 
rdaphic conditions of each association. 
PLATEAU Tops 
Arcas 6 and 14 are plateau tops (Figures 1 and 2) and are the oldest 
physiographic areas of the re~ion. Area 6 is somewhat lower in altitude 
'i:l 
(ban area 14 (Figure 2) and is probably younger physiographically. 
Table II shows the same relation between physiographic age and num­
her and percentage of species in groups A and E for tbese areas as 
was shown above. Accr saccharum is the only group E species in area 
6, while Sassafras variifolium joins it in group E in area 14. Fagus oc­
curs in group D in area 6, but falls to group B in area 14. The reverse 
order is shown by Quercus alba in these two areas, i. e., Q. alba is a 
group D species in area 14, but falls to group B in area 6.. Qucrcus 
vPlutina is also a group D species in area 14. 
TRANsrnON ZON E 
Area 5 is transitional between areas 3 and 6 (Figures 1 and 2) both 
as to physiographic age and as to ecologic relations. The Pinus-Tsuga 
association of the steep slope (area 3) grades over, as the top of the 
slope flattens out, into the deciduous forest, i. e., Acer-Fagus associa­
tion. Reference to Table I shows that whereas Pinus and Tsuga were 
the dominant species of area 3 (steep slope), Tsuga drops to group TI, 
while Pinus remains and Viburnum acerifolium anu Comus florida join 
-it in group E, and AcC'r saccharum, which is dominant in area 6 (plateau 
top) falls into group D in this transition zone. As we go up the slopes, 
Tsuga first appears on the lower, parts, and farther up Pinus comes in 
with it and continues to the top. Pinus also extends into the transition 
zone and finally gives way to the broad-leaved Acer or Acer-Fagus 
climax. That is, as we advance from the terraces to the older plateaus, 
we pass from broad-leaved Acer-Fagus, etc. (area 2); through Tsuga, 
Tsuga-Pinus (area 3), Pinus-Comus-Viburnum (area 5) to Acer-Fagus 
(area 6). 
Area 7 shows a similar relation between Tsuga and Pinus. The area 
is so decidedly a Tsuga association that 90 per cent of the thirty species 
present fall in group A. Pinus occurs only as an upper transitional 
rringe between the T.suga of the steeper slope and the deciduous Acer­
Quercus-Sassafras association of the plateau (area 14). 
Areas 11, 7 and 3 form a group of topographically similar areas; 
similarly areas IS, 12 and I; areas 13 and 2; and areas 6 and 14. These 
groups of areas are physiographically older as groups in the order 
named. Reference to Table II will show that the relations regarding 
percentage of species occurring in the various frequency groups which 
pertain among areas of the same group do not hold well when comparing 
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onc· group of areas with another group of areas of difie)'ent topographic 
age. Cowles (3) has shown that topographic cycles may require so 
much greater duration of time than vegetative cycles that any par­
ticular topographic area may go through many complete vegetational 
cycles before it has had time to advance from topographic youth to 
topographic old age. These first terraces (areas 15, 12 and 1) are un­
doubtedly more recent physiographically than the second terraces (areasIn (, 13 and 2) and the pre-erosion plateaus (areas number 6 and 14). They~ I 
show no relation to each other as groups except that the younger areas 
(1, 12 and IS) show a larger total number of species than the older 
areas (2 and 13, 6 and 14, respectively). 
CLIMAX CONDITIONS 
It can hardly be doubted that AceI' sacrharum is a clima.tic climax 
species of this region. Reference to Table I ~h()ws that it occurs in 
frequency group E in a larger number of areas studied than any other 
species and is in group E in all except the physiographically youngesu 
areas. It occurs in SO per cent or more of the quadrats of all areas 
studied except area 7, which is so predominantly a Tsuga association 
that 90 per cent of all species in the area belong to group A. It is sig­
nificant that Quercus alba and Fagus grandi/oli.a are the only species, 
besides Tsuga, occurring outside of group A in this area (area 7). It 
is further significant in this connection that wherever AceI' saccharum 
falls below 81 per cent. except in area 15, the species belonging to 
class E are either Pinus, Tsuga or Taxus, and in all cases where it is 
outside of group E the area is physiographically young. Since it is the 
dominant species in all areas which are physiographicaJly older, it must 
be considered a climatic climax of the region. 
Three species occur in every area studied. They are: AceI' sac­
dwrum, Ostrya vil'giniana and Que1'cus boreali.s lIUlxima. Four other 
s[)ecies occur in all areas except one. They are: Carpinus caroli1'lial1a, 
COI'I1I1S florida, Fl'oxinus la-nceolato and Quercus albo. Reference to 
Ta.ble I will show that none of these species except AceI' saccharu.m 
occurs in group E in more than two areas, and where they do fall into 
group E the area is in every case physiographically young. In the older 
areas these species all (except AceI' saccharum) occur in frequency 
groups below the 81 per cent minimum of group E. In no area do they 
even approach the high frequency of Acer saccharum. This apparently 
7:) 
indicates that these species are tolerant of a wider range of habitat 
conditions than other species and not that they are climax species. 
The condition of Fagus gmndijolia is also worthy of mention. ILLus 
Through Ohio, southern Michigan and most of Indiana, this species is 
often codominant with Acer saccharum. Farther west in Indiana and 
Illinois, Fagus drops out and Acer is left to make up the climax. Ref­
erence to Table I will show that Fagus occurs in class E in but one 
area, viz., area 2. In areas 6 and 14, where we should expect it to fall 
in group E if it is a climax species, we find it falling into groups D and 
B respectively. It would seem, therefore, that this region must be on 
the border between the Acer-Fagus climax on the one hand and the 
more western Acer climax on the other. It should be noted that 
Quercus alba and Q. velutina each fall into group D in these plateau 
areas where fagus is less abundant. This might indicate some relation 
to Quercus-Carya association, but Carya never occurs above group C 
in frequency. In actual numbers, Acer far surpasses either of the 
Quercus species, so that it would seem that the oldest regions are truly 
Acer-climax rather than Acer-Quercus-climax areas. Similar conditions 
with respect to the frequency of Acer saccharum and Fagus gran.dijolia 
were found in our Blue Bluffs study (Cain, Friesner, Potzger (1)) where 
Fagus falls into class E in but one of the six areas in which Acer shows 
a 100 per cent frequency. , 
I n Table 111 are listed those species which show complete fidelity in 
the different types of areas of this region. It will be noted that ten 
species show complete fidelity to the first terrace areas and one ad­ I
ditional species occurs in both first and second terrace areas to the ex­
clusion of all others. With the exception of Maclura pomijera, these 
species showing complete fidelity to the terrace areas are species which 
one would expect to find in mesophytic areas young with respect to 
nearness to climax condition. 
Four species: Taxus canadensis, A melanchier canadensis, Populus 
grandidenlata and Cratregus sp. show complete fidelity to the slope 
areas in so far as this region is concerned. The latter three are species 
regularly found on river bluffs in the more xerophytic stages of bluff suc­
cession toward the mesophytic forest. 
The table shows but one species with complete fidelity lo the upland 
plateau. This species, Sambucus canadensis, evidently is one which 
merely happened to be present since it occurred in but three quadrats 
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t TABLE III 
ILLUSTRATING THE DEGREE O}' FIDELITY SHOWN 
SPECIES IN THE DIFFERENT ASSOCIATI01\;S 
PINE HILLS REGION 
Limited Limited to 
to 1st 1sL and 2ndLim!ted to 
Terraces Terraces Slopes 
Areas 1, Areas 1,12, Areas 3, 
12, 15 15, 2,8, 13 i, 9, 11 
Plat.anus occidentalis . x 
Ulmus racemosa _ _._ . x 
Gymnodadus dioica . x 
Physocarpus opuJifolim. x 
Madura ·pomifera . x 
Glcditsia triacanthos '" . x 
Evonymus atropurpureus 
" Celtis occidcntalis. x 
Prunus americana . x 
Plelea Lrifoliata _ . x 
Asimina triloba . x 
Taxus canadensis .. x 
Amdanehit~r canadensis . x 
Populus grandidenlata _ x 
CraL&gus sp. x 
Sambucus canadensis... 
Acer saccharum ..... 
Carpinus caroJiniana. 
Vitis sp? .. . 
Fagus grandiJolia.. . . 
Comus florida . 
Ostrya virginiana ..... ._ .. 
Sassafras variifoJium .. 
Pinus strobus........ 
Tsuga canadensis. 
Comus alternifolia. 
Rhus toxicodendron . 
Fraxinu,; lanceo]aLa . 
Quercus alba. 
Qucrcus borealis maxima . 
" Carya cordiformis . 
Carya ovala 
TiHa americana 
Ribes cynosbali . 
Smilax sp ? . 
Ulmus fulva . 
Liriodendron Iulipifera. 
I /Escu)us glabra .... 
4" Hamamelis virginiana... 
Morus rubra .. 
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ber of species showing high fidelity to a particular type of area as the 
areas become successionally and physiographically more mature. 
Areas successionally and physiographically younger have a large 
number of species which get a foothold on the llew area. As the area 
progresses toward maturity, those species which are better adapted to 
the climatic and physiographic conditions crowd out the many species 
which made their appearance when the area was younger. This indi­
cates that the larger number of species showing complete fidelity to the 
younger areas (i. e.) first terraces as compared with plateau tops) is 
110t due so much to the limited range of adaptation to the physical 
conditions of the habitat on the part of the species showing this fidelity 
as it is the biotic factor of competition. That is, those species which 
are limited to the first terraces may be absent from the other regions 
not only because of inability to adapt themselves to the inanimate 
aspects of the other habitats, but also because of greater competition 
and therefore inability to adapt themselves to the biotic aspects of the 
euvironment of the ot.her areas. In either case, greater degree of fidelity 
exhibited by a species means more limited range of adaptation to 
habitat conditions, either physical or biotic) or both. 
Table III also shows twenty-four species with complete lack of 
fidelity. These species are those found typically in the mixed mesophytic 
forests of Indiana .. The presence in this group of such species as Carya 
spp. and Sassafras vari'ifoliurn indicates that perfect climax conditions 
have not yet been attained, since these forms are characteristic of more 
xerophytic habitats, 
It is of interest to compare this list of twenty-four species showing 
complete lack of fidelity with the list of species found in all altitude 
zones above the flood plain in the Blue Bluffs region (1). There are 
eighteen species common to the nonfidelity groups of both regions. 
There are three species, viz.} Pinus strobus} Tsuga canadensis and 
Comus alternifolia, which occur in the Pine Hills, but not in the Blue 
Bluffs region, while there are three others, viz.} Ribes cynosbati} Smilax 
sp. and Hamamelis virg'iniana, which appear in all areas of the pine 
Hills region, but are limited more narrowly in the Blue Bluffs region. 
ECOLOGICAL STATUS OF TAXUS, TSUGA AND PINUS 
Tax~1S canadensis is found ·in but three counties in Indiana. These 
are all adjoining counties in the west central portion of the State, viz., 
78 . 
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Parke, Montgomery and Putnam (5, '6, 7, 13). Locally its occurrence 
is always on steep slopes or canyon walls where the soil layer is in­
I sufficient to support species with deeper root systems and where there is sufficient protection from wind and sUn to insure moister conditions. Probably the nearest station for this species outside of the above-men­tioned counties is the Sugar Grove region of Ohio, which is over 175 miles east and somewhat south of these Indiana stations. The species 
quite obviously has a strikingly disjunct distribution in this southern 
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FIGURE 3. Tsuga is limited to steep slopes and bluffs (except ;.n area 8) and often 
follows courses of tlte strrams. 
portion of its range, and, since it is distinctly a northeastern species, it 
is here considered to be a glacial relict. As the species followed the 
glacier in its northern retreat, it has been crowded out by other species 
better adapted to environmental conditions except in these few places 
where the moister canyon walls make a sufficiently favorable habitat 
and the soil depth is insufficient to support its chief competitors. 
The ecological significance of. Tsuga canadensis is not so evident as 
is the case with Taxus. In previous papers (8, 9) we have shown that 
Tsnga is limited in its distribution in Indiana to steeper slopes and 
canyon walls and that analyses of the physical factors of its environ­
ment show that it is in a somewhat more rigorous habitat than is oc­
cupied by the climax species of the region. The greater rigor of its 
habitat is exhibited in higher evaporation rate, lower soil moisture and 
greater soil temperature fluCluations where the soil of its habitat is 
deeper; and in insufficient soil depth to support its usual competitors 
where it occurs on the steeper slopes and rocky canyon walls. These 
19 
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rhysical data, together with the disjunct distribution, led us to the con·, 
clusion that Tsuga canadensis is a relict species, In our former papers 
we left unsolved the problem as to what type of relict condition is 
illustrated. This problem, involving a consideration of the general 
distribution of the species in its entire North American range, is a mat· 
ter which is at present under study for a future paper. The area here 
studied not only supports our former conclusion regarding the relict 
nature of Tsuga, but it also yields data bearing upon the contention 
that Tsuga is a codominant with the Beech-Maple climax. As shown 
by Daubenmire (5), Tsuga occupies plateau tops in physiographically 
older areas along with Acer and Fagus at Turkey Run. But his analysis 
of physical factors shows clearly that there 'is always a lower soil mois­
ture content and a slightly higher evaporation rate in Tsuga associa­
tions, thus indicating that it is occupying a somewhat more xerophytic 
habitat 'than Acer and Fagus, even though the physiographic conditions 
may seem similar. In the Pine Hills region, Tsuga characteristically 
occupies such physiographically young areas as steep slopes, but is also 
found in 100 per cent of the quadrats in area 8, which is a second ter­
race physiographically similar to areas 2 and 13, in neither of which 
is it found. Analysis of physical factors is under way and will prob­
ably show that this second terrace area (area 8) possesses a more 
xerophytic soil conditjon than other second terrace areas of this region. 
The a.bility of Tsuga to dominate a particular area is very well shown 
in area 7, where it is the only group E species, and 90 per cent of all 
species fall in group A. (See Tables I and II.) 
The occurrence of Pinus along with Tsuga shows that these areas are 
not entirely mature, since Pinus is generaJly considered to be a pre­
climax species (Cowles, 2). Tbis leaves Aeel' saccharum as the present 
climax species of the region and Tsuga as relict colonies of a former 
wider distribution and possibly a former climatic climax. As this former 
climate has changed, l\uga has been crowded out except in those areas 
which, because of their particular physiography, come more nearly pre­
senting the former climatic conditions. In this connection it is of im­
portance to note that the distribution of Tsuga in Indiana (Mont­
gomery, Parke, Putnam, Morgan, Owen, Brown, Jackson, Lawrence, 
Jennings, Clark, Floyd and Crawford counties (6, 7» is parallel with 
the geologic outcrops which permit the forrrwtion of canyons or st~ep 
slopes, and it is more prolific in growth in those areas where the habi­
tats are not so far irom the degree of mesophytism demanded by Acer 
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or Acer-Fagus associations. The distribution of Tsuga ill southeastern 
Ohio is closely parallel with regard to local habitats to that in Indiana. 
Pinus strobus presents a still more difficult problem in regard to the 
ecological significance of its distribution in Indiana. It occurs as a 
native species in seven counties (Lake, Porter, Laporte, St. Joseph, 
Warren, Fountain and Montgomery (4, 6, 10, 11)). These stations fall 
into two groups, viz., a Lakes group comprising the areas of the first 
four counties, and a \\Test Central group comprising the next three coun­
ties. This distribution is again sufficiently disjunct to consider Pinus 
strobus a relict species, but our present study throws no light upon the 
problem as to what type of relict it may be. 
In the Pine Hills region, Pinus strobus is on the fringe of the hemlock 
stands when the latter are on slopes. In area 3, which is a slope area, 
it shows a frequency of 88 per cent associated with Tsuga, which shows 
100 per cent frequency. Its main distribution is in the upper part of 
the slope, and as the slope merges into the upland plateau (area 5), 
Pinus shows an 88 per cent frequency in a transition zone where Acer 
saccharum shows 80 per cent; Cornus florida, 92 per cent; Viburnum 
aceriJoliurn, 88 per cent; and Tsuga canadensis falls to 36 per cent. In 
ar'ea 7, which is another dense Tsuga slope (with Tsuga showing 100 
per cent frequency), Pinus occurs on the fringe only as the Tsuga slope 
merges into the upland plateau. 
These facts seem (0 indicate that Pinus occupies a position in areas 
slightly more xerophytic than those where Tsuga and Acer are dominant. 
Its presence in greater abundance in the transition zone may be due to the 
fact that it can compete better with Acer, Comus, Quercus and other 
deciduous species than Tsuga can, And all of this in turn may mean 
that in this region Pinus may have occupied in the past a climax posi­
tion prior to Tsuga and Acer. That is to say, Pinus may once have 
been the climatic climax of this region in postglacial time; but, as the 
climate and other environmental conditions changed, Tsuga may have 
become the climatic climax, only to b:: supplanted in turn with further 
change by Acer as the climatic climax. Both of the supplanted climaxes 
persist today only as relicts in isolated areas where the particular 
habitat sufficiently approaches the former condition to enable them to 
compete successfully with Acer. In this connecti.on it is significant that 
in area S, where Pinus reaches 88 per cent and Tsuga only 36 per cent 
frequency, and in area 8, where Pinus reaches' 95 per cent and Tsuga 
LOO pet cent frequency, Acer saccharum occurs in 88 per cent of the 
81 
quadrats. from gross physiographic observation alone, the usually ac­
cepted notion that Pinus is more xerophytic and Tsuga more mesophytic 
is substantiated, except in area 8, where it is coexistent with Tsuga. 
It rema.ins to be determined, as a part of our next season's work, 
whether physical studies will reveal the areas occupied by Pinus to be 
more or less xerophytic than tho~ occupied by Tsuga. 
SUMMARY 
1. Tsuga canadensis is a group E (Raunkiaer's frequency grouping) 
species in all steep-slope and canyon-wall areas of the Pine Hills region 
of Indiana. 
2. This species is limited to the above slopes except on one second­
ten-ace area, where it occurs along with Pinus strobus, both of which 
are group E species on this terrace area. 
3. Pinus strobus. characteristically occurs as an upper-fringe species 
in the belt transitional between Tsu~a and deciduous hardwoods of the 
upland plateaus. 
4. Taxus canaden.sis occurs in several small areas, all of them .on 
steep north-facing slopes where the growth of the species is so dense 
as to reduce almost all accompanying species to Class A frequency. 
5.	 Taxus canadensis is considered to be a glacial relict species. 
6. Pinus strobus and Tsuga canadensis are also considered to be 
relict species of a former climatic climax, both having at one time been 
climatic dominants, but as the climate has changed in postglacial time, 
they have given way to Acer and Fagus as present climatic dominants. l 
7.	 !leer saccharum is the dominant species of the region. 
8.	 Fagus grandiJolia, which occurs as a climax species in many parts Iof	 Indiana, does not show dominance here. 
9.	 As the age of topographically similar areas increases, there is a \ 
decrease in percentage of species of low frequency and an increase in , 
percentage of species of high frequency. ~ 
10. In so far as this region is concerned, areas physiographically 
younger show larger numbers of species with complete fidelity to the 
particular type of area than areas more mature. 
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